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(54) "Abstract Title -, - -' • \ • : 

Interconnect having intermediate film functioning as etch stop and barrier film 

. ,(57) A semiconductor device has metal wiring layers 106, 108, contact 103a and an intermediate barrier film 
105 formed in a damascene structure. The film may extend over a larger area that the wire 106, but has at least 
one opening 104 providing a passage for the diffusion of hydrogen during an annealing process. During 
fabrication, the barrier film 105 acts as an etch stop film. 

In alternative embodiments, the barrier film may be formed above the wiring layer (Fig. 7g f Fig. 8f) and 
the contact plug may extend through the barrier film (Fig. 7f, Fig. 8e), which may be formed of eg. TiN, TaN, , 
SiON orSi 3 N 4 . " < "■/■;_. ' , • .-. 

Further disclosed is a device having a combination of a silicide film and a,Si 3 N 4 film as an etch stop ; 
layer : • -■ \ 
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SEMICONDUCTOR DEVICE AND FABRICATION METHOD '.' 

THEREFOR . , ... 



BACKGROUND OF THE INVENTION 
*.*Field of the Invention / '*'• \ . 

The present invention relates' to a semiconductor device having a contact 
structure for electrically connecting respective layers of the semiconductor 
: device to a buried metal wiring structure thereof and, particularly, the present 
: invention relates to a semiconductor device with which ah" effect -of an 
annealing processing of a semiconductor device performed in a final step of a 
fabrication method" of the semiconductor device with vising ,a forming gas is 
improved.- ' . . : -- - ; . -v ; •' > ■ \ . ; . , - 
Description of the.Related Art' . • '■ • ■ • 

. In order to- stabilize electric characteristics of a semiconductor device, an 
. annealing processing has been performed in a forming gas environment The 
forming,. gas is a mixture gas containing hydrogen. By the annealing processing; 
•"performed 5 in thig forming gas environment, hydrogen atoms are introduced into 
an interface between a silicon'substrate of the semiconductor .device and. a gate 
■ oxide film formed on -the substrate and an interface between a source * drain 
diffusion layer and the silicon substrate, underlying chef so urce - drain : diffusion- 
layer. As a result, dangling bond, which is junction defect dLsili^on-oxy'gen,' 
disappears. and/or fixed charge in- the gate oxide film is neutralized: • v 

; In a case where a multi-layered wiring is formed on' an LSI by utilizing a.- 
'self -align merit • type process,.' it - is; necessary, to form an etch. 1 : stop film.' 
exemplified by a silicon nitride film on an element forming region of the- LSI • 
Since the etch-stop film forms a' hydrogen diffusion barrier, hydrogen atoms do 
not reach the interface between : the gate oxide film, and the silicom substrate 
and the interface between the source -drain diffusion layer, and/the. silicon 
substrate, underlying the source - drain diffusion layer. Therefore, it is . 
impossible to effectively; perform .the annealing processing with us.ing the 
forming gas. . " ' .. = ' : ■ • " ■ . 

,•. Fig.". I. is a cross section of a : : known . -semiconductor device having a; 
buried metal w iring structure, and a contact structure for ele'ctricn.lly- 
.connecting, between; respective Aviring layers of 'the; buried metn: v.. : ii;rncr ■ 
structure, which is disclosed in Japanese Patent Application Laid-openNc H"9-'; 

20942. . • . / ' 

; 'The semiconductor device having such structure is formed "b\ /cla ivi.i.^:eir;. 
method or dual-damascene method. • . • > \ \ V' 



In Fig 1'. the «n:;cnci"uc:or .device .has two metal firing layer* s/nnecteo 
! •. to sem icon due: or e!e merits.- Semiconelurror elements .100.5. are; fr'rrne:; -tn' a 
. semiconductor substrate 1001. and are connected tc a. metal wiiingyayer 1,004a 
through contact plugs 100.3a and the rrie.ta'i wiring layer 10.04a is ccrmerte:;, tc a 
5 metal wiring layer 1004:. through contact plugs 1003b.' - 

, Etch stop films 1002a are formed beneath the meta! wiring layers 1004a 

• and 1004b. respectively and an etch stop film 1002b is "formed beU-w .the 
.contact plugs 1003b. That is. the etch stop filar 1002a underlying the meca! 

y wiring layer: functions as /'an^tch stop filnv in forming wiring gr-:?yfy m ah 

• 10' mterlayer insulating flim 1006a and the etch stop film 1002b underlying ; the 
/■-/•■:/ contact 'plugs, functions as* an etch stpp 'film., in forming- contact ho Us .in. an. 

; ■ mterlayer insulating film 1006b.' ,r • ■ : ' ;• y; "; r y :. 

In order to distinguish between these etch stop films, the etch: s. /op film 
immediately below the metal wiring layer (1002a in Fig. 1) will be referred to as 
.;" .15 ■ a metal wiring etch stop film and the etch stop film . immediate!> ' OvI-va rhe 
y contact plugs (1002b . in Fig'. 1) wili .be referred to' as a "contact 'plug/^-yh^sto-p. 
■ . .film;.;.:;/. C. \> ' . . . . : - ,. y\\';"' . " • /- V. , . ■ \ . '■ y ./ Vy : ■[Kr'}:\' ^ ■■ 

. ' The etch stop films 1002a and 1002b are usually nitride films i:: nee of 
.ySiO.N-or SijN'.y It. has been known that. when. the nitride film-, is:. th.in\.'-h.;^dr;bgen ' 
20 y tends to- permeate the nitride film., while its etch stop function is,-degr.aded On 
■■■■'•the other hand, when the' nitride film is thick, .its permeabilitv and d-f:l;s/A ity 
for hydrogen are degraded while the etch -stop - function is imp r 6 ve <£« : 'T.r: y t;-? ib re . 
, : . / /in order. to maintain : a -required etch stop function/ the- .nitride film- is .r^i.de as 
• thick as 500A. In such case, however, hydrogen does mot-reach ■' a r, 0'- v fa co 
25 :. /.between the gate oxide film and. the silicon substrate and an interface 7 t:-::-v^en 
a source * drain diffusion layer and the. silicon substrate immediately y-.^ w' the 
y. ' source • drain diffusion layer." ".so* -that it is: impossible/ to , obtain -^y ;':'nct:ca; 
■ A / annealing effect. • , . . ' ' ■ . . . . /• ; '.. . ■:; :/';■ 

. .Wich the existence of the etch stop films. 1002a .and l-002b. hay ire-.' rhe 
/ 30 • ■. hydrogen barrier function in/any layers of the semiconductor' device -h.vdr-:-gen 
■diffusing from- the- upper, layer- 1004b in the/annealing step is blocks by /'the 
- , / etch stop films 1002a anc 1002b since /he latter films cover a whole >v.rjaco of 
•.the semiconductor '-.dev.155 : . : whe.n . ioyk^c: totally, as- shown in Fig. .1. ^y. vtyv: 11 \< 
impossible to perform the effec::\ / a nivalin? 
■33 ' The problem of t ho ■■hydi-;o.gen barrier.- effect of the metal winn-zy :h scop. 

- fil : m 1002a« underlying ;i/? : ; motal : :w.ivmg la-yet and t he 1 contact 'p''uc-{;.-'/h ; s://p 
.film 10021) under! yijig- tiv/ con-racy pluy/ of the muiu-laveVed met;y!- chu^' 
- / formed, on lh : £ sein loMrfeK 1 * -vr -iVb-rrrKC-.-'-v.-vs described. ■ ■-' - - '--^ / : • 
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As another example, there is a.-case" where a. nitride film is formed co cover 
. ■ an element structure formed In. the lowermost layer of a sem icon due cor device/' 
- Fig. 2 shows a MOS'FET structure formed on a semiconductor substrate 
1 101, which is disclosed in Japanese Patent Application Laid-open .No. HlO- 
- . 5, 209G4 A source 1102 and a drain 1103 are formed in an element forming region 
; of the' semiconductor substrate 1101 isolated by an element isolation film 1104. 

on the semiconductor substrate. Further, a gate electrode HOG is formed in the 
• element forming region of the semiconductor, substrate through a gate 
• ' . ' insulating film 1105. On a side wall of the gate electrode 1106. a sidewail HO" 
A- 10. • is formed. In order to .reduce a contact resistance vvith contact plugs" 1 ML a '■ 

■ ; ; ■ 'silicide film 1108 may be formed on the source -drain region. 
.. V An insulating film 1110 is formed on these elements and the contact plugs 

1111 are formed through the insulating film 1110. Through the contact plugs 
-/ -AA" v : 1 1 11, the source' 1102, the drain 1103 or. the gate electrode- 1106- ls .electrically. 
' ,15 .connected to an upper layer (not shown) formed on the insulating film 1 1 1 0 ; 
A * '' %.j • In such .MOS FET structure, a nitride film 1109* functioning as an etch 
.■ . stop. film for forming the contact plugs 1111 becomes necessary When :he etch 
A • A v.:: ' stop film is a Si } N, film, the, etch stop film is usually formed to a thickness of 

; v> ■ ' ,'aaa.Va a;';-. . ' ' '•" A., a; V- Y. a-;1a .-/ 

\ * _ ; 20'' .. ... .. In such case, however, hydrogen atoms do not reach the interface between 

• '-.A- AAA,; -;the gate oxide film and the' silicon substrate arid the interface between . the 
A- ,. ■ : A\ ' source,' drain • diffusion layer and the ' silicon substrate u ride living . the , 
; ' A ; A : source - drain diffusion layer. ;sA that it is impossible to obtain a';practrcall> ; 
■A;- ; effective annealing effect. . / A A '.' ' A. A ■ w , • 

; 23A. , A Figs : 3a • to 3d A how a, fabrication . steps, of another known' 

, se mi co h d u c to r de v i ce having a structure ; fabricated according, to a technique 
A y '-'disclosed in US Patent No. 5. 73G. 457, As .shown in Fig. 3a, a metal layer 100. is • 
A A > formed on a semiconductor/substrate 101 and a first insulating film. 105 is ' 
formed on a whole surface of the semiconductor substrate including the metal 
' 30 •'■/ layer 100. An etch stop layer 110 of an electrically conductive material such as 
, A ' ' -Al-Cu. Ti. ; TIN or. TiW is formed on the first insulating film 105 and pa teemed 
as shown. A second insulating film 120 is formed on the first insulating nl:n : 105 
.and the etch stop layer: 110 and then. a reverse conductor pattern 1 30 A twined 
•• " ■ ■ \ as. a. photo resist on the second insulating film 120, as shown m rig AB' R width: 
35 / . , of an opening of.the. photo. resist pattern 130 is slightly smaller thamr. ;.\i.-irIvoT ; 
.■'\. A the etch stop layer HO formed beneath, the photo resist pattern 130t :A . ,. A 
: A' y Thereafter as shown in Fig. 3C. the first insulating film 105 And -rh- 
second insulating film .120 are etched with using the. photo resist ''$(\ r.;*;i.n' 1 ->0 



ape -r.ee-"-;- st :: ■.layer-' C' -as ■ a' '.as 
resist ?at-er- 130 is rertcved,- a.'wi.nng .• iSC :s':rov;:e:- 
; a' v;a--:-:f ; 14! and 1 c'r. the etch st cp -layer ; I 0 '• ano tr.er. . : he ■■ 
^ ' s.e;':r.; insulating* f ilr.' 123 :s : exposed -ovy-ec chir.g :r.e 
'•".5 150- back, as sncwn in c ig .■.-3p / . ~ v ■ ■ ;' 

' : .v . X ~ kczzrzinc to /-Ms. fab fir alien rechrd,-' "he p:5:::::>: : :: ; ;; ; 

y.y O-^V 5 nape cf -V.v-^cle ; i-4 : : £ t r*ed :t r./ the "first insula::':.'-' ; 

; v.,y -.. v .\ ■■' f 11a 10 5' is >de te nr.ines by ; .rhe. shape" of vohe etch step 5 ' layer ' / 
— y. ^'v ■ ■ "v.--. 110' and the shape of the cpeni'ng""?; -the. photo resist pattern ... 

"..I;--" -130 .. That -is// since the -position and the- ''shape Yc f the y ; a -. ' 
#1 v hole ' 14 0. are. ce te rninea • by. : ;tne v ' two y exposure steps, . it is- . : 

'• \ -- v' ••' • ' verv " dif $ icul t " tc f c rrr .' '-tne ■ '.,yi a'- hole ' "T4 0>\ -v-;-'.. the \^?\: 

■ - . .- v . v • •• •- ; v - - ' y " . . ' • > • t ■ 

'v.y . p re ce term net shace' in'/ the 'predetermined pes i cicn: when Vtr.e y yy- 
: position of" the "-as-:-. u = ^, in. -"-he second "exposure, deviates . yy 
'.v.. ir/'v .; free. that. of the" firs t . exposure ., ; ,'y v ■; 
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>""■'':"'•-'■ '■■ " ;y ■ ."" • ' 3y:o:A?i p?. the invent: cm - V. 'y 

"■ : -A seniiror.ductor- •".device according' '■ :o' -the -. present 

;y ..ynv^n-icn ,m a first aspect inclucas/a first insuiatyy? ti-Tyt- \,',^\ :: ;>;;■ 
-■/yyl -for covering- seruuccnductcr e ierr.ent s -or - a ivir ing , y-h i cn are • .v ■ iy 



u 



rn\ed - cn a lse~ic endue to.r. 'sucstrate, at; .least, one ccnta ct'. 



plug .passing. " thrcuch -tne ' first; 'yinsuiating filn /v^nc v 



'}- : y' . yeiectrica;ilv cennected tc one sec ccncucto.r eiexents cr tne' y y* ; . >■ 
.'V/ wiring, • a seconc ; 'insulat mc ; f'ii-, ; formed'., on tne • first - 

,y_', yy- insulating f i Ire .van z ' a • c.e t.a 1. . w i r i n-r . curied ■ in. the ye::vc . ; . y : .V ; .v 

•y":s. . insulating film and e lect ru ca.l 1 y connected to the cenv,:: 

• ' ' ••. ; • .... - • • .. .... ■"■■■.."-..-*■■ ,. . • • ...... . 

•• • • • . • : ... : . " -.. ■ • . ■ .. , .v •. - • • . • ,: ' . 

;. v ; ; / v v ^ . -v... v : v . •" . •-■>.: \- \ - " . 

. . '■ '.. ' .:• ; V : ; -..V.v. ; W . ■-• ••o '-'- V- V- - -V ■ 



'•<i yy^i-ry,;, .vyyy; .1 v-y- v ;yy 

: VV.. v.' V . : : u, :" ? % V- ' : ■. ■> .-. V ' Vf..-;; .iJ^-V:^.:: 

y":" ; .:-"-':.: : v .ys. y. . , • -..y.y ;y v :vyy ':, V: : : ;yyy,,vy.vv;y, 



plugs., is featured by further including a film having hydrogen barrier function 
and formed in at least immediately below the metal vvinng and ' between the 
metal wiring and the first insulating film, the film having, hydrogen: -barrier 
function being Formed/with an opening in other portion thereof than the portion 
immediately below the metal wiring and between the metal wiring and .the first 
insulating film ■ to provide - a hydrogen , diffusing passage to layers, of the 
semiconductor device formed below the second insulating film. 

r According to another aspect of the present invention, a semiconductor 
device, which comprises a second insulating film- formed on a. first insulating 
film, which buries a metal wiring, arid at least one contact • plug passing 
through the second insulating; film and electrically "connected to the. wiring,, is 
featured by that the. metal" wiring is formed in the; first insulating film- and 
having an upper surface lower than an upper surface of the. first insulating film 
to form a space. above "the upper surface of the metal wiring/ a film having etch 
stop function' is' formed' in only the space to bury- the metal wiring in the first 
insulating film. and; .when 'the' film, having etch .stop function .is -an electrically - 
no n -conductive film; the contact plug passes through the film haying^etch stop: 
function and is electrically: connected to the metal wiring or, .when the "film 
having etch stop function is an electrically-conductive film,- the contact plug is 
electrically connected to -the metal wiring through the film having; etch stop , 
function and a hydrogen diffusing passage extending downwardly of the.; second 
insulating film is provided through other area than an* area on which. the metal 
wiring is formed. . ; •• - -•• ■". • . '..-'J-: ' / . * •,.•'/* : ." . . 

. According to another aspect of the present* invention, a;, semiconductor- 
device,, which includes a second insulating film formed on a first, insulating film ' 
burying a metal wiring and at least' one contact plug- passing .through the. 
second insulating film , and* electrically . connected to;" the metal wiring/ is 
featured by further including, .a film having etch stop function and formed 
between the second insulating film and the metal wiring.- wherein, when the. 
film having etch stop function is an electrically non-conductive film.' the contact 
plug passes" through the film having etch stop function and is electrically 
connected to the metal wiring and, when the film having etch, stop function; is 
an electrically conductive film, the contact plugjs electrically, connected to the ■ 
metal wiring" through the film having etch stop, function. and wherein the film . 
having etch stop .function is removed except a portion thereof formed m the 
vicinity of connecting portions between the contact plug and the metal -w irmg to • 
provide . a hyd rogen diffusing passage extending, downward ly of :h .- .--cond" 
insulating n Im 



■.According to a further aspect of the present invention, a se:ni::n:iuc:or 
device, which . includes at', least a 'semiconductor- element firmed en a 
semicandueror substrate, an insulating film covering said s^ :r. iron due :ir 
element and a: least one contact plug passing. through the insulating film and 
electrically connected to at lease one elect rode cf the semiconductor element.- is 
featured. by further including a suicide film formed on. a surface or the electrode 

! and -a Si N\ film having thickness -in a range from -,50 A to 100 A and formed 
.between the sihcide film and", the insulating film, wherein the contact plug 

-"passes, through the Si : .N\ film and is electrically connected> to the sihcide 5!m 

According to another aspect of the present invention, a fabrication method 

; for fabricating a semiconductor device including a first- insulating 'film covering 
at least one semiconductor or a wiring formed on a semiconductor substrate, at ' 
jeast one contact plug passing through the first insulating film and. electrically 
connected to the semiconductor element or the wiring, a second insulating film 
formed on the -first insulating filmland a metal wiring, buried . ;r/=the second: ; 
insulating film and electrically connected to the contact plug is provided The 

: fabrication method. comprises the steps of ia) forming a film having hydrogen; 

/barrier function on the first insulating film, Co) patterning, the film' having 
hydrogen barrier function to form at least one via-hole for forming at least one 

.contact hole and an opening. functipning<as a hydrogen diffusing passage in the 

■film having hydrogen barrier, function, while leaving apportion of "the film 
having hydrogen barrier function as an etch stop film functioning in forming, 
said metal wiring, (c) forming a second insulating film on the patterned filrrv-v 
having, hydrogen barrier' function on the first-" insulating film.'.(dv forming, on : 
the second insulating film, a resist pattern for. forming wiring grooves for the;, 
metal wiring; (e) simultaneously forming, the wiring grooves and : the corvtact .' 

■hole by simultaneous!}- etching the first and second insulating filing with using.,' 
the resist pattern as a- mask, the film having hydrogen barrier function as an . 
etch stop film for the wiring grooves and the via- hole as a mask opening of the 
contact hole and (f) forming 'the contact plug by filling the wiring grooves and : - 

■ the conzaci hole with a metal material -after the resist film, is removed . - 

According to .a. still further aspect of the present .invention, a fabrication 
method for fabricating a semiconductor device including a second insulating . 
film formed. on a first-insulating f:lm burying a meta! wiring and a: lease one 

/contact plug passing- through ; he; said secdiyd insulating film 1 , and -eiectrrcall;. . 

-connectec. to. the metal wiring i;s provided The fabrication: method comprises 
rhe : steps of .ia) selectively .arching jhe in§' : tai. 'wiring bAiried'-rp i [ U ..iirsr ; 

'.insulating- Yilm to," renpv-/ a n ■ sip^-r ' : '\j-:a ;yt;,i\. ">f : the. metal \\ iy^Z -,i d fU v ; r 



insulating. film'co provide a space on a selectively etched portion c: the metal 
- wiring; (b) forming a film having etch stop function in only .the space' on the 
metal wiring, (c) forming a second insulating film on the film having etch stop 
function on the first insulating film and (d) forming the contact plug such that 
5 -"V- the contact plug passes through the second insulating film and the film having 
etch stop function and' Is connected to the metal wiring, .when the film having 
'■; etch stop function is an electrically non-conductive Film. or. forming' the contact 
plug such that the contact plug passes through the second insulating film and; 
is electrically connected to the metal wiring through the film having etch stop 
'•; 10 v function, when the film having, etch stop function is an electrically conductive 
V '- : - ■ ' film. ';' . . • • ' ' \ .' ■ .. • \ v ■ - • . ; ' ■■ .-' ' -': . 

BRIEF DESCRIPTION OF THE DRAWINGS- ' - 
• ''<"'■■ : ' The above and other objects, advantages and features of the present 

. invention will become more apparent from the following description taken in 
< ^ lo v conjunction with the accompanying drawings, in which: • : " \ 

■\ >;. ' Fig. • 1 is a cross section- showing a .--known . • semiconductor; device 

ha ving a buried, metal wiring structure and.- a contact structure for electrically 
,. connecting layers each other; ■ 
• ; Fig. 2 : is a cross section showing, a.' 'known MOS FET structure 

" V 20 .formed on a semiconductor substrate; - .' 

Figs.' 3a to 3d" are perspective views' showing fabrication steps of a 
: [ ./ ' ' ■ known '.. semiconductor device having' a buried metal wuhng. structure and- 

• a contact structure for electrically connecting layers. each other;' 

' " Figs /4a and 4b are a cross sectional. view" and a .plan view' of a layer 

25 " • . construction of ; a semiconductor, device having a hydrogen diffusing route . 
' : " according, to a first modification of a first.embodunent of the present ind ention; 

• - ; . . Figs. 5a and 5b are a cross . sectional view and a plan view of a'- layer 
■■ ' • • ;\ /^construction-: 6t- a • semiconductor '• device /having-- a hydrogen diffusing ' route 
: • . ; . according to a second modification of the first embodiment of the present 

; ..: , 30 invention; •. ; .; , ■ . ' - , " ' ' 

• Figs Ga to Gd are cross sections showing fabrication steps of a fabrication.. 
•\-, : , method of a semiconductor device having, the' hydrogen diffusing route of the 

first embodiment of the, present invention; 
'. . ' Figs . ' 7a .to 7g are cross . sections showing fabrication' stops .of a 

; 35 . : -semiconductor device having an etch stop . film underlying contact plugs formed ■ 
on only a riietal/wiiUng, according to a first modification of a second embodiment 
'; *" : • of the present invention; /• ; >. : 

";'/: ' - Figs; Sa to Sf are cross sections showing ^fabrication . -steps' of " .v 



semiconductor device having an etch stoc film underlying «:or.cacr pi ug formed 
' ^ on at. least, a metal--' -nring. aororchng-' : ^[[second modification of >econd-' 
embodiment of the present invention. . • •. / ; -' • 

Fig. 9.15 a : crcss action showmg a /.\ 10 S. F ET . ty peyt r a n s i s to r ;.4 t r u •: i u re , in . ' 
5 ; ,' which hydrogen can re.ctch ary'incenor of a; gate electrode.- accord ; n L~:"to'- a . third - , . 
• ' \. embodiment of the present invention:- ' ; .•• ;.1V ' ;. ■■ • 

~.y Fig. lO is a grapn showmg a reia.tion.be:'veen ; thickness of Si. fihryancly 

- ". ' interface level recovery "rate: and"' '« ; y \ . ~' ; 

; y..," -y.v Fig. 11 shows a semiconductor devkey which can^ be . effective i-y'Ynr/ea led'-., : 
. 10 C-by" using - forming gas;', according. /to a fourth embodiment of ' -zh* yyesen; • 
" ; invention. . - • •. .' \. ■•, " .. ~. y y '• ;/.'•''.,. ";. • ;y ■ < •-'"'. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS vy," 
' y • .... Embodiments of the present/invention will be described wuh reference, to" 
the drawings./ '• v.?'; .v -y ! . ' ■ ' ■. • • v y : * ;.'"y 

15 \<First Embodiment^: '■• . • '/ .. . . '•-'..- " ■ •"-•'<-'-• yv. 

y ,y : - y A structure, of a semiconductor device having an; etch stop film Linderlvmg. > 
- \ ... a metal wiring... formed w;uh an opening functioning, -as a ■■hydrog^nV.di.ffusyngy • 
;j- passage, and a fabrication method thereof will be described first, y >\ . : y' .* • 
,/* .y.. . ' (First Modification of the First Embodiment) v- y.'-.y -y ^Vy 

20 , /; - Fig. 4a is a cross-section of the semiconductor device having the hydr;:gp'n ; y 
■yly ^-'diffusing passage according to the, first modification of. the firstye ntoop ;nVent 

taken along a«iine X : X in- Fig'. .4b. . which is a plan vi^w thereof, As.sh^A.-n::r. Fig'-.A'y' 
4a: a _ layer 108 including semiconduc toiy elements or wiring, which- win • bvv 4 ;." • 
referred to as totally "'lower wiring layer': hereinafter.-: and an i ns u-fa tl Kg '-hyp if .y 
25 - y ; 109 are formed on a semiconductor: substrate: (not shown): Another -. r-rr^ii! nil-rig : 

•y: layer. 101 is formed; on the ! o w v w •; »• i n g-J a yer 108. and the insulating, hiinviy;. or. ; . 
. : . ' - L09., • ■ , v : ; . \ y" y' ; . >; ; ." ■ ' :•• ■ ;v5; x ;H '•' 

y . /' y The lower wiring ICS mriyy include semiconductor elements or" : ;A. : ri::g ; y . 
:' y ' v formed on the semiconductor Substrate, The semiconductor elements foi mod on., > 
30 . t! -;.;. the. semiconductor'' substrate* may be- a; M0S transistor or transistoyy <mk: y r & ■ 

- : •■ bipolar transistor or. transistors. <etc 1 Wiring formed- on : the senvic-.yvi 

, - ; \ substrate means^a wiring tbriy.'od -on ..the semiconductor element. or ;:.:!' ? y:reyt^ ? 
through an ,in : si| lacing fii-m aiyl t a case., where, a: se.nricpncl uctpiy do yi :o- •':;/.!>, a y , 
mult Mayor wiring struct'.; ro., ■ :\ v '• fwirii-g :a;rers thereof. The wirmj i'- !■■■"• ;i 
35y : • buried; if.etal ;wi-ruvg -;::!vyO : y \:-u i! ;:li;:ninuin vviring or a copper d.i;Vi-.y^>"-n-.r y 

f - •: wiring. / -: ■. -. . : V : ' ' - V. \ ; .y; ' •'* ■-; • ^ ^i- 'y : M.'-.v .*",' 

" ■ • 'yy ■ : ' : ■ As sh v .y-v;r in-Fig -in : i i';.-y'-: Lr,;**'-:-!-'- vJ-l.-U.i'n fi I in • .lOil is fopineci' m? V; -.^>!v ; yj/ 
;- -,j 'y ; : *"\\ rn.ng la ver, 1 Oy.a -/.d th:/ - : ny- *-y : ^ s " T-'- . L - * - M'/'V F u r t tie iC m t; t a I >w;::r : i i.:..; vy ; -y . ; .) 
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film 105 underlying the metal wiring is formed on the first insulating fi!:r. 1 0/1 
The'metal wiring etch scop 'film 105 has hydrogen barrier funcnon. Further a-. / 
second insulating film 102 is formed on an area of the first ..insulating fi!fn 101..: 
on which the metal wiring etch stop film 105 is not formed. A mecal wiring" 106/ . f 
5 , is. buried in the : second insulating film 102. The metal wiring 106 and rne lower /' 
;., ;•■'/■: wiring layer 108 are electrically connected -each other by contact plugs 103a/ 

.. formed in the first insulating film 101. ' 
' " ' ;-' Fig. 4b is. a plan view of the semiconductor device show n in Fig 4a; when //; 

. . looked in a plane indicated by an arrow A in Fig. 4a. The mecal-'wiririg' J0.6 is 

. //.' ,/ .10 shown by a x dotted line since it is in a layer .above the plane indicated by ..the// 
■• " ■"*: : :/\" /., arrow A.: '.. - ; - • /-'/* " • •/• , . / "•-■./■• . / / y : .'-/ >; ; v- > 

• \ . / • '•./• As shown in Fig. 4b, the films 105 having hydrogen-' barrier function.. 

••• /'/.•" . which, blocks permeation of hydrogen, are formed on only areas, of the first/. ; ■ ;/ 

.'•'•// /• insulating film 101 immediately below the metal wiring 106 except, a ■ region -'of. ;: / 

■"// / v: /.i5'/ : the contact plugs 103 and openings." 104 are formed in the remaining region of, ; : ,/ ; / 
• ../ ' '.'/. ; the first insulating film 101. ; '/ ■■/' ■/, . -v . •• 

; - / ■ The contact plugs 103b are electrically connected the lower w iring, layer ' / 

/ lOS'to the metal wiring 106 in locations other than that shown in F:g.. ; 4a -The /•/,///• 
■' /.',.. ; / lower wiring layer 108, 'to which the contact plug 103b is connected. .ma/be : the ./-; /;; 

. / >20 ' ; v same- lower wiring 10S, to which the. contact' plugs 103a are connected oi"ahy .////. : ' 

'/;./,' ■/'" ;./, • other lower wiring. layer 10S provided in the same layer as that of the'.'louer. . / '• '••.' 

.. /:' ./■;/: -/wiring layer 108, to which the contact plugs 103a are connected. , : < . . 7 /' - v / 
- : // v ; In a recentsemiconductor device 1 , contact plugs such as the contact pi ugs/-/:-' '/// 

'"■ - / './• \ . 103b are provided in addition to contact plugs such as the contact plugs T03a^h/-/ ; ! . 
'. " 25 • . order to electrically connect the metal : wiring- 106 to the lower wiring layer I OS , ./• ' /./ 
• ' . -/ reliably. In order'to provide a plurality of contact plugs- 103a and 103b; the size ••'/ 

/ ./;•-■ ; of the' contact plugs 103a'and 103b is. made smaller than a width of the metal/ 
; ..// : / ^: wiring 106- ' /■'[■ • .. / . ; . / • .•' ".. '/ "/. ■•-/- ' ;'/ /-- //■/■ />. 

'•;•;•:; Further,, it is usually ' requested- to electrically connect the. metal' w/nhg //"./ 

/" * 30 '-/ 106 to a plurality of different lower wiring layers 108: In such case, the contact, ./'/- 
: '- ' . ;/. . '• "■" plugs 103b each;havmg a size smaller than the width of the metal wrrin-g: 106 ■ 

,- -" 4 ./ • > •//, are provided. . . . ; .... // - .". • ■' . />/-'•/ ' ' 

//'' «/ ;'/.'//--' /'••• The film 105 ha\mg'h\ drogen barrier function is used as an etch st4p.fi!':iii " ••/' ';//'-. 
.; .; /' ' ;/. '//in forming wiriiig groove s\itv the second insulating film 102 in a. metal v./.i^'g;-, "' ■ ' •."/' 
•■ 35 . :' forming step. • . • . • ;/. ■ ■ , \ • . •;•;■/, '"" 

- : k . - ■•/ According to the present invention.' the filnv 105 having h\;diogeiv !: t ;/:or . .• : ;.\ 
'./■'■ 'K • . function is formed on rit lea^t The 1 Vegion of /the first insulating fiira "•!.() I 

/ j '. /. ";•/ i m mediately below the nietnl \\ \ ') 06 so" tha t . the hydiVson bai 1 1-> r •■■ .1 1 ■') ') -v/ ■ / 



functions as the etch scop film, in forming the meta; wiring 106 by etchm~ 
grooves -in the second ;nsuiat.ing film 102 The opening 104 :s fcrir. i-p. [ho 
remaining region or* the; film ,105; "having hydrogen, barrier function zj provide 
the hydrogen diffusing passage .to .the- lower- !ayers./belyy. the-second ms;:ja-t:ng 
film 102 during the, anneahng operation., . . /■ ' ; - 
(Second Modification the First Embodiment:- -• : " - 

Fig. ,5a is a cross. section of the semiccnductor dev ice having the -yclroger. 
diffusing passage according. to. the second modification of the first emc vJirr.ent." 
taken along a line X-X' in Fig. 5b. which ;s a plan view thereof" 

As shown in Fig 5 a. a first insulating film 20 1 is formed on a lower" wiring 
layer 20S and an insulating film-. 209. Further,' a metal- wiring etch stop nim 205' 
is formed on. the first . insulating film 201. The 'metal winngietch stop film 205 
has hydrogen barrier-function.. Further, a ^econd insulating Sim. 202. is formed 
on the first insulating film 201 and the metal wiring etch stop -film 205. A metal 
. wiring 206 is buried in the second insulating film 202'. The metal wiring 206 
and the lower winng: layer", 2 OS are electrically- connected each other through 
contact plugs 203a formed in the first insulating film 201. ' 

The contact plugs 2Q3b. electrically "connect the lower wiring layer. ''205 
directly .to the metal wiring 206 in locations other than that shew-n m Fig 5a 
The. lower wiring layer. 203; to which the contact plugs- 203b are electrically 
.connected, may be the same as the lower wiring layer 20S, to which tne contact 
plugs . 203a are 'connected or any other lower .wiring layer 208 proviced ' m the 
same layer as that of the low^er wiring layer 208, . to which the contact- plugs. 
203a are connected. ;. > ;* ■ ■., . . ' " ■ • • , . f ; . . : y • 

~-\ : \ ; As shown m Figs: 5a and 5b. an opening is formed. in a portio.n or" the film 
205. having hydrogen barrier function. . 

It is possible to fg.rm a- discrete opening such as the ■-. opening 204a, to ' 
equidistantly form a plurality of opening? such as openings-. 204b or to form ' 
slit-like openings such as openings 204c. _ ; • ... 

.. ... .There-, is no specific limitation in the size. etc.. . of the opening However. 

smce\ under usual annealing condition and when the first, n"istiiating fi!m.201 is 
a- silicon-oxide film.. diffusion length of hydrogen is about lOOum. it is .-possible -to, 
suitably' determine' allocation; size and "shape of the ; opening sue:: that the 
opening is located within a range of distance of about lOOum from a 
semiconductor elem^ nt.farmed on the- senucondiicxor substrate. \_ 

• .'In the .structure. sho\vtvi i;n. l^g- ; 4: :> oi 5. the film liavuvg' hydroge.t'v barrier 
function mourns a film AvhicH "does' not a^lovv sii lis t a-ivt'in !; : d i ffu >;iot,f o f hvdr':geu' 
; For exair.|ik ; J the ;'fil:nv hay mil:,, hvdro^^r." vU'S 'iy»; f^hctiOiv r/ in-ny: be n;n :-i-y.:dn : : 



•such as SiON" film or Si,N, film, which is usually used as the etch seep film m' 
. forming the. metal wiring. This is also true, for a film having hydrogen barrier 

, function to be described later. 

The insulating film is" a film such as usually used BPSG film. PSG film." 
SOG film.. HSQ (Hydrogen Silisesquioxane)' film, SiCX film or SiOFfilm. which 
substantially diffuse hydrogen. This is also true for insulating films to be 
described later. .. ;. . : • '"< 

The metal wiring - may be prepared by burying copper, .copper alloy; 
tungsten or aluminum in the wiring grooves. A bottom and side surface of such 
buried metal may be coated' by a barrier metal such as Ta, TaN, VVN or TiN; etc." 

.This is also true for metal: wiring to be. described later... . < 

' [ The contact plug is of. tungsten, copper, copper alloy or aluminum, etc., 

,.and a bottom and side surface of the contact plug may be coated by Ti/TiX film. 

■ This is also true for contact plugs to be described later. , . ; \ 

A', fabrication method of the -semiconductor device having the above 

'mentioned -structure will be described with reference to Figs. Ga to Gd... which 
are cross sections showing fabrication steps of the semiconductor .device having : 
the hydrogen diffusing route shown in Fig. 5.. ; . • • • • . • - • ' 

- . As shown in Fig. Ga, a first insulating film 301 is formed on a lower wiring- 

' 306 and an insulating film 313 and then a film 303 having hydrogen barrier 

• function is formed on the first insulating film 301. The film .303 functions as an. 
: etch stop film in the subsequent' steps. Further, the film 303: having hydrogen • 
/barrier, function is patterned to form an opening 304 and openings 30o^Each ;of, 

, the openings 305 is formed m a location, at vvhich. a contact hole extending up to 
"the lower wiring 30G is to.be formed m the first insulating film 301 .The- 
opening 304 provides the ; hydrogen diffusing passaged- In;. this case.- it: ts) 
"necessary to leave the opening 304 in a region/ which functions as the etch scop 
film'in forming wiring grooves 309 in the second insulating film 302 " • 

■ -.'Subsequently, as shown in. Fig.. Go, the second insulating film 302 n$,< 

• formed on. the first insulating film 301 through the hydrogen barrier film 303 
"and then .a resist film 307.. is formed thereon. Resist openings 303 patterned.' 
correspondingly to the wiring groove to oe'formed in the second insulating film'" 
.302 are formed in the resist film-307. 

A- . Thereafter., as shown un Fig. Gc, the first insulating: film. 301 is' etched 
away by using the resist film 307, as a mask. In this case, the hN'drogeiv barrier ; 
film 303 functions" as /an : etch •' stop ■ film for ' the ' wiring., groove' 30D.V' 
Sinuiltaneouslv therewith, coinact hoIes : 3 L0 are formed by etching t:w .^ocond ■:. 
rnsulatin? film 302 with using the hydrogen barrier film 303 as n mask- In :hi> . 



\_ marine:'. Xoc.th , the Ayr in? groove^, and ; the . contact hoks. ■ a r.-*.. rb.rm-?c! 
'simultaneously :n one stepy ' X '. • , ■". : 

. ... Thereafter, as shown. 1:1 f-ig, Gd/ "he resist film 307 is removed and,', then, 
the >v-r:ng groove 309 a n d heXcq n tac : holes 30 : 1 are filled with a me:ai material. 
5 : 31.1. Then., an excessive. metal mat^riaXorXthe ; ?econ.d insulating film .302 .is" 
'removed'- by'; such . as " mechod. er: . ' resulting m cohtact plugs X12 

connecting between the ir:e:al wiring 311 and the- lo\v?i layers. ':As sh;y n m F:g. 
Gd. the hydrogen diffusing passage ;is provided" by thf opening '304.," 

The size and shape' .of the opening 304 formed in the step show;- m. Fig 6 a 
10 • may be. selected suitably according to a 'circuit design a n d."a : sir u e ; u re; of the 
- • X semiconductor device /. . .-y . ,y, ■ .• : X. ; 'X . 

•'• . However, the size and shape of the -hydrogen barrier aim 303 must be 

•selected such -that it can function as an. etch stop film in' forming .the second 
• • i 'insulating Sim 309 in the step shown in Fig. 6c. In forming the wiring grooves 
15 309: a portion ;pf-the hydrogen barrier film 303. .which, is exposed in the bottom 
1 r ■ of the wiring' grooves 309. is important' in. the process and so. the opening .304 
XX,' can not be enlarged up 'to that portion.. That is: everi if the opening 304 is to. be 
' expanded maximally, che- hydrogen barrier , film 303 is left on the. region 
... /immediately below the metal wiring 3 IT . : XX/- ■ -. ■ . ., • .-. 

20 :"•- ' - :: ' Further..; it is - preferable. . inorderX-to. make the etching speed; ,of. the- 
.. hydrogen/barrier, film 30.3 m the opening portion 304 substantial:}" equal to 
that in the openings 305. to, make the size of the/opening 304 substantia !*!>;. the-- 
.;■ same as.that of the opening 305 For examp.ie.when the size'of the openingXQo. 
is in a rang? : from : 0.2iim X 0.2um to. 0.5'iim X 0 oum: the size of the -opvr in^.3T)4 •• 
25 - is made equal to;- the size. of the opening- pattern -305;. ■ v X' ' ' X' ' 

•*. .In the first modification of the first embodiment, shown in Figs -Xrnnd'Xb, 

the opening 104 having the size . larger., than that of the opening for the contact- 
: \ "plug 103a Or 103b. is provided in the hydrogen, barrier film 105 as it ho hydrogen. ' 

'. diffusing, passage:; In forming these openings .in -the hydrogen barrier film ,105 
30 ' by etching. .''there. may be a case -where the.etchmg speed of the openings, for the 
-contact plugs 103a' ana X.03b; is !ow.?i: thamthat of the opening '404Xi£ the 
X:' v X hydrogen diffusing passage, -so that ^t beconies iir.possible to.form- the ^pe'nrng 
X-- , 104 reliably Asa result of this problem .t hX ixydr'ogoivbarrier film XjX lof: iyon-. ' 

etched becomes a mask in the subsequent orchm'.g -step of the fir-: msukumg 
35 * fijm 10 I. and the second insiiiating fii nv: i02;;%\ih'a.t i & may becomX oo-^ible 
: . \ ■ to etch che fiXstXnsuJa:;ne. film 101 Xnc. v :he:rarn\atio.n: of the ; comae* ^-XoXl p;Xv 
.> X . . and th^XQX n — Uon Q.f : t h.v » • \ 1 ; w i r u\ gXl^^Xt^-f: h o, -tewe XY v \.y \ \ yg; t'QS;.-:i,) . \:y'lv^*JiH.'. : 
. i (\ n s a t f s fa g to v£+ ; X • - ■ -. '■ X- ■'; x . X X ■ -'^X- :Xx .■-*/> ■ . . • : " - - : " • : . [■"': - 
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' Howevetv according to. the second modification, it is possible to make the 
' etching speed of the film 205 having hydrogen barrier function for forr.iLr.g che . . • - 
' ■ openings 204a.- 204b and 204c substantially the same as that of the film 205 . . 

' having hydrogen barrier function for forming the contact plugs 203 a arid 203 b 
* 5 by making the size of the openings 204a, 204b and 204c close or substantially 

equal to the size of the openings for forming the contact plugs 203a and 203b 
Consequently, it is possible to reliably form these openings to thereby solve the 
problem of degradation 'of the formation of the contact plugs 203a and 203b and 
/ the problem of defective connection of the metal wiring 206. to the lower wiring .. 

;. : 10' -- .layer 20S , .:. . ; - , . ; • ■ • • : : : - ; / 

. " • Further, in the first , modification of the first embodiment. . the resist. 

- ;x opening 30S. must be precisely registered with the patterned film 303 having ' 

hydrogen barrier function. That, is,' if the resist opening 308 is not precisely 
*.. * 'registered with the patterned film: 303' having hydrogen-barrier .function, the 

/• : ;•' ' 15 first insulating film 301 will be over-etched at the location of the rion- registered ]:: 
' portion. If an opening formed by the over-etching' reaches unexpected pornon or . 
•/•'..:■:' the lower wiring layer 306- other than' portions. of the lower wiring 306. to. be ' ' 

' ■\ " ■-" /..connected to the wiring. 311; the unexpected lower wiring -layer", will be 
; ; - ;'• • electrically connected to the wiring 311 after the step for 'filling the. opening- '-' ■[. 
: ;/.';/•" ■ 20: . -with metal. •'.V 1 ;. " . ; • ; ' . /.;■ .' r":* *. . : " • , ' .. ' / ' :\ 

* ' %' ; ■ ' 'According to the second modification of the first embodiment, however, the- /"•- 

above problems do not occur even when the resist opening 30S-,is.not . exactly ■ 

• • . - • , . • registered with .the patterned film having hydrogen barrier function. : ->\. v.. 

' ... . < Second Embodiment^ ' < v •• •' . *!' : '. : / ■.■ .;; • • • ■'■ 

V ,. : 25 - ; . ; ' A semiconductor device having an opening formed in- an under -contact - 7/ 
• \ . : - .. plug etch stop film. functioning as a. hydrogen, diffusing passage " a hd> method • 

. :■ ■ for fabricating the same will be described. ' • ' ; ■ .■ . r . ' •* ' . .*.;.: ' r i :> s . • 

> • \r: (First Modification of the Second Embodiment) ' • ; . 

• . Figs." 7a to Tg are cross sections - showing fabrication steps - of - a . •• 

, " 30 semiconductor device' having an under-contact plug etch stop film; undei lying 

. contact plugs , and. formed with an : opening. In the first modification -of the • 
— , ; second embodiment,, the under-contact plug etch, stop filnv. is formedon J mly: a 

metal wiring." ... - •• ; • V >' .- ■. ' . 

; V;- r ? /. '. In Fig. 7 a, metal: wiring la>eis''403 are formed by burying "a nret.iT m-nii [ \m 

35 insulating filnv40r and are electricalh' connected to a- lower, w unng'4'0S.'|t/n Kougn- "\' 
- . .... . contact. plugs ^02. A reference ivumeral 409 depicts an msulncing film : ' '. v- "■ ;•' 

.' -The metal wiring layers 4(53 'are'- partially removed from an upper .^\('f; ico -V 

, ; : of.che insulatiivg fiim 40 1 . as sp.oa\ n in Fig' 7b. by etching the nVecal w.iciv «..smL r - 



/ ; ' an etchant having.- high selective etching rate for zhe metal. 

•For example, when-xh? metal" used for the 'metal wiring 403 is" copper or 
•' copper alloy, the partial removal of the metal may .be. performed by we. perching 
;. . . with .using, an, etchant. which may be a mixture hqmcl of 'diluted sulfuri: acid 
5 - and hydrogen 'peroxide,, an acid mixture containing phosphoric Void or 

• ammonium p'er sulfate,- eto Alternative h\-/ if can be performed by dry.-exc h:ng 
with using 01- gas and Ar gas while maintaining a substrate a: 200 C C or higher. 

■ 1 ■ ^ The depth of metal, to be removed; measured, from the upper surface of the 

■'■ msulaemg'film 401.. is : in a' range from: 300A to" . 5.00 A: for example, which is 

10 enough, to obtain an : ;-etch stop function; of an etch stop film 404b in the later 
. • - ..."'step: ' ' . : . •'.:•..'. ... . ■■ '. .: ••' • ' : ; 

•' . : ■ • Then, as shown in Fig. 7-e. an etch stop film 404a is formed' on a whole 
• V- .surface of the wafer and then an excess portion of the etch stop Qlm 404a left on 
. / . • the insulating film 401 is removed by CMP method.. ecc.;-as shown in Fig. 7d, 
; 15 ; As the etch stop film. 404a.;. an electrically conductive- film, of such as Ta. 

.. / ..; TaN, -^VN-oivTiN-may -be-used.. ;n lieu of a- nitride film such: as SiOX or Si N,V 
■ •'.:- which, is an-insulatmg 'material and is usually used as'an etch stop film. Such' 
. ' nitride film or electrically conductive film has a hydrogen blocking nature, and. 
• . " when it is formed on- the w hole surface of the -insulating film 401. it becomes 
20 ' impossible to effective iy • pe r form ;t he annealmgAvith. using forming -gas- 
. .. .'Thereafter, an insulating. film 405 is formed on, the insulating fdm-40U as 

• . shown in Fig. 7e. - ' '■ ' - . / ;■ .. , :• 

•'• - . Then,* contact . plugs 407 are formed in the insulating, film '- H05.' r tbr ' 
" ' electrically connecting them to the' met^i;; wiring. 403. In this easel'; svhe'n' the- 
25 ~-y etch stop fiim. 404b is a nitride film of such as Si ON or Si'.N v the conia'c; "plugs 
' . . ': 407 are formed in. the insulating film 405 and in the etch stop film 404b-. as 
■■■.;;; shown m Fig. 7f. 
;; • In the latter case, contact holes ^are formed in the insulating film- 405 by 
; using a patterned resist film (not shown) as a mask and the etch stop film 404b 
30 .as an etch stop fiim Then, the resist film (not shown) is removed by. ashing it 
. • . ■' ; 'with -using oxygen plasma. Further.- the. etch, stop film 404b -exposed -m bottom-' 
: portions of the contact " holes ; is further - etched w ith using, the patterned 
, insulating film 405 as- a mask' In this : manner, -the"- contact holes directly. 
; -. connected to che'.meta! wiring -i 03 'are rqnnqd m the insulating film. 105 and the 
35v -. ; r. etch scop film 4Q4b. Thereafter, the contact plugs 407 a reformed. b>; :l!hng the : 
,7; contact holes;, with" mora!.-. ' '. '.[ .'-v \ [ V;; -:>;'■. : \:\ ' ' •". ; - v " 

;::. ': W hen the etch s.top 'film lO'.Uy' mv< eioctricallvrcoiiductiyo ji!;iv<vf -uoh as • 
; Ta'-.-. Tn "N !• W *.N" - or- Tu ?> ore : r.h-- -^ti vrao '.oUi^>;t 0.7 -xvq f.-iecrncallv con :v- •■ •::>•! ; n 'he/ 
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. ■ ■ metal wiring 403 not directly 'but through the etch stop, film 4.04b. as shown, in'; ; 
. Fig. Tg However, in order to. make the electrical connection more reliable. V: is 
possible to directly connect the contact plugs 407 to the metal wiring 403 as in 
the case where the etch stop film 404b is the nitride film as shown in F:g 7f, In 
5 • the latter case, the connection is made in the same way as in the case where the ' 
; ' .. nitride film is used as the' etch stop film 404b : • . 5 ■ 

' -When the electrically conductive film is used as the etch stop film 404b, it 

' • • ' y is possible to reduce the inter-wmng capacitance compared with the case where . ' 

< a low permittivity film such as nitride is used as the etch.stop fi!m ; to thereby. ' 
10 'fabricate a semiconductor device operable to higher speed. ; 

; (Second. Modification of the Second Embodiment) y . " : , yyy 

• \ . Figs. ; • Sa "to . Sf .are. cross sections ■ sho.wmg .fabrication steps of a 
'y y.y -v .. semiconductor device having openings formed* m an under-contact plug etch 
: : stop' film underlying contact plugs formed on at least a metal wiring. . 

15 ; . .In Fig: 8a, metal wiring layers 603 arid contact plugs 602 are formed by 
y ""* filling openings formed in an insulating film 601 with a metal material., as in- • •. 

, . the first embodiment of the second embodiment shown in -Fig. 7a..- 

. . ; :; . , y.y - • . Then, as shown in Fig. 8b. 'an etch stop film 604a is formed on -a '.whole '. y y 
• V : : • ■' . surface of the insulating film GOT: ! As the etch: stop film 604a, an electrically;. ■ ' ) ■ 
. 20- - conductive film of such as Ta. TaN. VVN or TiN- may be used, in lieu- of a nitride • ' / ' 
• : film such as.SiON or Si. : N ; , which is an insulating material and is usually used ': y 

y v %• - ; y as an etch stop film. ' . - • ; y, ' ■ :■'■■ ]."••': ■ y ' y : {°. . • .. •'• y - 

■/"v- - • ■ y yyy ' /Thereafter, as shown, in; Fig. 8c, the etch .stop" film G04a is patterned such'' ' 

■■'■.v'y . : 7; that it is left. on the metal wiring. 603. The patterning can be performed /by ' ;y yy;- 
. : ; 25. using usual photolithography: technology/ y v ' . '"'.>•' 

.':'V : ■" ' y'-y-y- ' The position, the pattern and the size; of the etch stop film can be 

• • determined suitably, provided that it is provided as the etch stop, film 604a on ' *" - : 
' portions of the insulating film -601, Which are exposed m bottom portion of: . .. • 

yyy ' contact. holes formed in the insulating film 605, or in the vicinity of the portions/ • 
: y" 30 yy The etch stop film on other portions than the described portions are removed. - : y " 
'y.That is. the portions of the etch stop film 604b ; which function as the etch stop. ,'' yyy " 
y ' ; . ..film in forming the contact holes m the insulating, film G05 by. etching,, are left • ■■' 

• ,:. ■ as they are. Further,' the. hydrogen diffusing passage is provided by leaving .the. V "y .' 

' .. y .-. ■■ '■ •. ecch stop film 60.4b also in the vicinity of those' portions under consideration of,' .:7' 
: / • ... ' 35 y • . the preciseness of the step, etc., and removing; the etch stop film G04b on oxher/ y : y 
: y •' • - , portions, • .. -. •• . /. • ' ' ' ' ■ • • - : • ••• :■ . y 

■ . y ,•;>;*/" • y : Then, as shown in Fig. • Sd. an insulating film 605 formed yn y he . . ; ': . ' • 
...insulating film GO 1 . • . y • ' . . * : . y - . yy. 



Thereafter, contact plugs GOT .are ferried by filjinf the .contact r.-:L-:. w?ch 
, nnezal and directly con necte'd to. the m e t a'! w : r i n g _ GO 3 ' t h rc ~ ? h • c he m'-ui'irir-r 
: film G05 A 5 shewn in Fig - Se;" when the etch stop trim 004bis of a ek:tnca;iy 
non-conductive materia'!,; the contact, holes are. -fortr.'ed by etching wi-.h -using' a 
5 patterned resist, film <: not shown) as a 'mask and the etc K step film GO -lb as the- 
■ • etc h stop T;h:r Thereafter, 'the resist mask .is removed by. ashing :t -wjrr/ u^ing 
. -oxygen plasma'. Then/the; openings are formed* -by etching th'e/etch. sc:p- tllm 
V. G04b exposed in the bottom . portions of tht openings with using the patterned 
; : ' insulating film. 605 as a mask: The contact plugs GOT "directly, connected "to .the 
10 : me ta i w inn g GO 3 a re fo r m ed in this • m a n ne r • 

.' ■ In the first modification of the second embodiment, if. in Fig. Tf. the: res is: 

. • 'opening 40S is not preci$ejy : i*egistered. with a region. on the metal wiring 403: a 
, 'portion of the insulating film-401 is etched away in etching the insulating film 
- 405 with using the resist/mask (not shown;) as a mask and' side faces of the 
45-'. metal- wiring 403 may be, exposed. In such case.,' the exposed side faces are 
oxidized in the ashing step for removing the resist film, resulting in an increase 
, -.,'cf the wiring- resistance. . Contrary: to this 'in the. second modification of the 
second embodiment, the above problem does not. occur even "when" the resist 
opening is deviated from the' : 'region ; on . the -metal: wiring 603 and' the contact 
20 . holes formed in the insulating film 605 deviate from- that region, provided that 

the contact holes exist in at least the region on the etch stop; film GO-TU- 
• When the etch stop film 604b is an eiectncaliv conductive film of such as 

'Ta. T : aN; VVN or TiN. etc.; the contact plugs GOT are electrically connected to the 
, rrietal wiring 603 not directly but through' the etch stopTUm 604b ; as shown .'m 
25 . Fig. Sg.. However, in. order to make the electrical connection-more rehab io .. "is; 
... possible, to directly; connect the contact plugs GOT to the metal win'ng*G.0;?;as -in-. 
. the case where the etch stop film G 0 4 b is the nitride' film "as show.n in Fig . Se.'.'n 
the latter case, the connec'tion.is made in the same way as in the case -v. here the 
. . nitride film is' used as the. etch stop film 604b. y .' y • \ • . \ 

30 : <Third Embodiment> . y "V'V- } {{- ,-; ., y y ; ; 

•A semiconductor device' according. ":o the .third e'm&od i m g irt, " : w>. . w h'i cH ' 
' ; electrodes constituting semiconductor elements onya semiconductor substrate 
••• - are electrically" connected- to a. morai '• wiring., etc. "."-on, /fin.. upper ins.uiacmg -fiim : 
through contact plugs provided. m the insulating film -and hydrogen can diffuse 
35 -'. y into interior of the sem(conciuo.to; v eie:ne:rts will be described;-. 

Fig .9 show's ■ th;o th:Vd oniboditneiy y, whveh .Yncludos : ..a ;MQ§yFi£T (yyo 
■ y"; ; transistor formed oh a se.jjv.ioo.nci uccor ^u:;^tra"o Vftv Fig 9.-h source '^02 drain 
f ... ' v£0:>; and ';?, v. eieine-nt : i >ola t ;iyi fiTm '^O f ^ : ;ir'-: rvi "thy S'Vufce.froiYv [!v.y dVa •.; ; v: 
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> , 'formed, ori the semiconductor substrate SOI. Further, a- gate, elect rode SO'G is - 
' formed on the substrate SOI through a gate insulating film 805 On a si : ::e. vvali . 'V 
' of the gate electrode 806. a sidewali 807. 
• ^ '• ' ' An insulating film S 10 is formed on theseelements and-conta.c: plug.sSll. 

■ ' . .5 ■ which pass- through the insulating film 810 up to the source S02. the .drain 803 - • 
' -, ■ ' ; • and the gate electrode 806. are formed., the source 802. the drain 803 or the, 

V V gate electrode 806 is electrically connected to upper layers formed ori the I : • 
-insulating film 810 through the contact plugs Sil. / . 

: , - % One of features of this. embodiment is that silicide films SOS are formed 

' ;. 10' ■■ ■ in portions on. the element ..side, .at which the contact plugs. 811 are connected to 
■ - the elements and a Si .N\ film 809 having thickness in a range from 50 A to 100A ■■" 

.;. : > ■;• : . .is further. formed on the silicide film ,808 and the sidew.all 807,.and that the \ : 
. v ' '.contact plugs 811. pass through the Si,^,, film 809 and are connected to' the 
-, ; silicide' film SOS formed on the element side. : . " • • ' 

; • •* ;i'5 •^-"■^ •;;."T : hat.iS. i -.the- inventors of-the.pre^ent^hventioa have, found that' the siiiade ; .. 
■.y ■ >',; . - ... . ; , ; film itself has etch stop function though the function is not so large a's that of ■ •-■> V 
/;. : rthe ; .SiV>'j"i:TUft:vThat; IS, according to. the present embodiment , the hydrogen 
-diffusing' passage is provided by forming the Si : N , film having thickness much .■; ' 
•' '" ; v ; ■ ;-; ^..smaller than usual, thickness: and the etch-stop function lost by the reduced ■' 
.• 1 .* . v .- f 20 -thickness is, recovered by forming the' silicide film. Thus the etch stop- function 

: , ;r r.and- the hydrogen, diffusing ability are balanced in this' manner. Though the ' . • ;' 

• "• . " . - hydrogen diffusing ability of the silicide film is not sufficient,, hydrogen, can ; : ■ . ; 

'.'•;/" .. diffuse through a region, on which not silicide film but nitride- film is formed. ' '". 
..;":^-"r ••"A nitride-.fiim- is necessary for two reasons. Describing the first reason, it 
: - 25 • •: iS' difficult .to precisely detect an end point of the etching for forming contact. " ; ■ 

•/"■ ;.; '[ holesfor the contact plugs 811 in the^nsulating filmSlO. so .that over -etching ' 

: ' .tends; to, occur. Since, in such case, the regions of the source S02 and the drain . . 
- , ; 803 rriay be fetched away, it is necessary to re-form the etched-away regions of • 

' the source 802 and the drain 803 .by • injecting ions into a surface of the - • 
30 ■ semiconductor substrate 801 exposed in bottoms of the-contact holes gam. The •■■ •.. 
:■■ '; ; ion injection is performed by injecting ion of one conductivity type into both the.. 

• source and. dram regions and then injecting ion of the other conductivity type 
'- . : . .. while .masking one of the' source and' drain regions,- That is. when the over- - ' \ 

' •. etching. occurs; additional seeps of ion injection and mask formation etc.. must' ■ 

.35 . . be provided. .. , ■ - : . ... • ' ' 

• ,- • ' . • - However, the- etching of the insulating.' film S 10 can be terminated 

: >. : i /, - precisely, bv providing the nitride film' on the regions of the source S02 and the' 
' ■ . ; :■';• V drain 803 and- therefore, it.is possible CO' avoid the increase of fabricator ■ 



The second reason is- that.. - hen an area of the contact holes is iarge r t ha n 
■' :har .of the regions of the source ?02 and :he dram SO 3 and overlaps on the gate 
; electrode SOG or the. element isolating-. film.S04 partially, che sidewail SOT 
and/or the element isolating fiim S04..may be etched away. In order \to ; prevent 
. such phenomenon, a nitride film is formed on the source -SQ2 the drain S03 and 
.the gate electrode SOG \ '. . - " ' "• 

■ -Fig, 10 shows a - relation between 1 thickness of the S: : \,. film formed by 
thermal C^T) and interface state passivation rate ' which .has obtained by the 
present inventors. The ' term "interface, state passivation rate'" means 
. percentage of interface state passivation when hydrogen barrier film- exists, 
with interface state passivation when there is no hydrogen barner him being 
100%, and is related to. hydrogen diffusion. For. example, low interface state 
. passivation rate means . high . hydrogen barrier function, that is. difficulty of 
hydrogen diffusion. { ; ' . - . • . 

• ; A Si ; X, film used usually has etching selectivity ratio in a range "-to 10 for 
a- silicon oxide film. Therefore, in order to -satisfy the function of the etch stop , 
film, the thickness of Si-N : , film must be 300 A or. more, preferably, '500 A or more,: 
In, the MOS structure shown in Fig. 9. a difference in. height between the gate 
electrode .506. which is usually a poh'siiicon film, and 'the regions of. the source 
;S02 and the dram S03 is ioOOA Therefore.; the nitride film S09 functioning, as 
.an etch stop film is required in' forming the contact plugs 811. When the; Si : N , 
film is used as the etch, stop film, the thickness thereof is at least 15.0 A and it is : ' 

usuail>;500A, ■• • ; < . , v . ... .•• . , . - • " .' 

In view, of the hydrogen diffusion., however, it has been found that the 
blocking of hydrogen gas is started when'the thickness- of the Si ; N;/:.film"'exceedS; 
100A and only about 20% of hvdrogemcan diffuse when the thickness is 150'A • 
.and that:- whemthe thickness thereof is. 200A. hydrogengas is substa:uiall>- 
blocked and, when it is 500A. it does not diffuse: ": '", ;.. ■ 

As will be clear from Fig, 10. 90°o or. more of hydrogen diffusion effect can'; 
be obtained when the thickness of the.Si.iV; film, js 100A or less. Therefore, the 
object of .the present in ver.tior. can be achieved It is preferable, considering the 
practical. thickness, that the thi:kness' : of the Si : N fii.in is in a i:ango from 50A 

;to^p5>A v ^ ; ■ ' - ; [\.Az ■ V . ■ ji .. .. • ""/. ■ ... 

On the other hand, the thicker -\v: suicide film provides the larger the 
etch stop, function; Since the '-thickr.os.s >»f ;ttte silicide film /influences - the 
transistor, characteristics, the . thickness ■ -of : the siticide Tihu is- arbitrarily* 
'deteimu:v;d by considering the. ti a ns ^ tor ' ; ( n'ar;icterist.ics ^The' : thicfaie^s of . 
usuaUjhade film is rn a ran^; ri oin^l;00A,-o ' .]:'■■ ... ' 
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The silicide him is of. for example, cobalt suicide, titanium, silicde. or 
tungsten silicide. - . 

<Fourth Embodiment^ 

The semiconductor devices, which are capable of diffusing hydrogen 'by 
•using the metal wiring etch stop film, the contact plug etch stop film and the 
nitride film covering semiconductor elements according to the respective first.', 
second and third embodiments, have been described. The fourth embodiment of 
the present invention relates to a combination of them. \ 

' Fig. II is a cross section of a semiconductor device having a .MOS'FET 
type transistor on a semiconductor substrate according to the fourth 
'embodiment, which can be annealed by using forming gas. ■" ' 

In Fig. li. a source 902 and a drain 903 are formed in a region isolated by 
an element isolation film 904 on the semiconductor substrate 901. Further, a 
gate electrode 906 is formed on the substrate through a gate insulating film 905 
■-'A -side wall 907 is formed on a side wall of the gate electrode 906;, 

A first insulating film 910a is formed on these elements and contact plugs; 
91 la. are formed through the insulating film 910a. The source "902.: the !drain 
903 or the gate electrode 906 is electrically connected to a metal wiring- layer 
912a in an upper layer. formed on the first insulating film' 910a through the 
contact plugs. 911a! . . . . ; •; . . 

Silicide films 90S' are formed on respective portions; in which the 'con tact 
plugs ; 911a are connected to the.elements. In Fig. 11, the silicide film's -90S; a re. 
formed oh the gate electrode 906 and on'the source 902 and- the drain 903 The 
silicide- film. 90S' may be of cobalt silicide- or titanium silicide, as mentioned 
previously. : .; ■ . <; • ■ \ ; ■ . • ,-- • . ; .. " ■ - : v •• > 

;•. Further, a Si^N.';., film' 909 having thickness in a range, from , 50 A to 10.0 A is 
: formed -on* these elements and the contact plugs 911a penetrating the Si ,N ,-film 
909 are connected to the silicide film 908 formed- on the element side - This 
structure is similar .to that of the semiconductor device capable of diffusing 
.hydrogen into the semiconductor elements, thereof and can be fabricated 
similarly.; . '• ■ . 1 - 

A metal wiring 912a electrically connected the contact plugs 911a and a 
second insulating film 9.10b are formed in the. order on'the. first .insulating f: ; l:n 
910a. : . ■ - ~ : y / _.-■■« . .. " . ... : - , ■ - • " : ' 

. ■ A hydrogen barrier fiim 913 is formed immediately below the metal 3\ n nig 
9 1 2a and above the first insulating film 9 10a and an opening; that -the 
hydrogen d'iffusmg passage, is formed in other areas than the- nren^vf -:ho 
hvdrogen barrier - film . 91.3 . This structure .is similar to that •'■)-(' : ~:V-. 
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which -is capable of being . e f feet ive ly annealed by using a 

forcing gas, • and a fabrication .method of the "same 

sen conductor device.. One of features c: me- present 

. embodiments is . the provision cf a hydrogen diffusing passage 

capable , of .guiding , hydrogen; to . the :/ ■ interior of a 
; - ■ ■ - •' • . ■ . 

• semiconductor ..device having- a- .contact /< structure '. f or 

■.electrically connecting; a buried /metal wiring structure to, 
respective bur.ieb metal- 'wiring /layers and'., a/vfilm having 
•hydrogen barrier function . . // . '-. ; 

.As mentioned hereinbefore, In/ a v semiconductor device 
having- a. siulci'-layer. wiring . structure, ' tt is- possible to 
provide "the . hydrogen . diffusing passage throughout layers cf 
•the -.multi-layer .wiring . structure : . to./ thereby • effectively 
; perrbrm an -anneaung •; processing using/.; a. forming... gas . ■ ; . . 1 • 
. . According.- 'to. • ohe\ present ''system^- in /a., 'semiconductor 
. device . having a buried .metal wiring' structure and a contact/ 
.structure' passing through 'a film having /a hydrogen barrier" 
' function / for : electrically, connect mg • respect ive layers to 
.-each other, ' ah/- opening is ^formed- in an etch stop/film; formed- 
be.low the., metal ■ wiring, '. .the ■ etch stop" film, formed ' below . 
•contact plugs,, except a portion thereof in/the -.vicinity of. 
connecting portions, between the. contact .plugs /and the.. metal 
4 wiring, is removed -and a nitride -film- : cover ing . a., surface ..or ' 
"elements;'. is; made /• thinner . than usual . thickness . o f n.it ride- 
film. -Thus,..-,, it;- '-.becomes.; possible to "..provide a'., hydrogen • 
/diffusing' passage -tor... : allowing hydrogen ■ contained' in a. 
forming gas . %& 'pass up to an interior x 6f element,, to thereby 
perform., an effective annealing . processing ...of- the 

• semiconductor device .. . ' /• • ' / '' ' r 

/ : " / ' It is apparent that the present invention 'is . hot . 
limited - to the . above, ment ioned embodiment s , \ but. may be 
modif ied 'and changed without departing : f rom the ' scope o £ the • 
invention- as defined in the claims.- 



CLAIMS 

: '■ i , A semiconductor devi-je. co:npri>mg • : - . \ 7 .; 

• y . • a "-first -"insulating film covering semiconductor elements er \a . u-inpg • 
. ;i ■ ■ ' jorm.ed.ch'A semiconductor substrate:. / ■; 

5 ; • ■ at least one. contact plug- passing through, said .first insulating fiirr. -and . 

." electncaliv connected to' said semiconductor eierriencs or said u uing; * . • 
"' ;.. y a. se::nd insulating film formed on said first insulating film. 

; . a -metal wiring' buried m sard second insulating film; and elyctricaliy. -. .y 

- ' . ' .connected. to said contact plug: and . .... 'y.'- . . .' ' ' •••• 

" ..'.'10' ' a film; having;. hydrogen .barrier function and formed in at le^st a region 

■7; , . immediately below 'said metal wiring and between said metal wiring andjsaid y7- 
7 "7- /.first insulating rllm; said film" Having hydrogen barrier function bemgyfoVm-d ■/:''■ 7 
■ with an -opening in other region than said region to provide a Hydrogen 

'v ; diffusing passageto layers below saidsecbnd insulating film, 
. ... . ■ ., 15:7 V 2. . ; A semiconductor device as-claimed :n claim. 1. wherein said ,fi:m having y7y 
•' \. 7 : hydrogen barrier function is a SiON film or 4 Si K,, film, .. .. - • 7.7 • s y7 • 
; v^73y, A.semiconductor device comprising: .-, - . '. • '•' . 7. <'\. 

7.,.. .. a'second-insulating film formed on a first insulating film burying a metal ;• ■> 

■ ' ' ••/ * ' wiring; and' " : , •;: : 7 >:.■ • • • .• ' '. . 77 ■ 7\7 .:- : 

.. . V 20" . at least one contact plug passing through said second insulating; film and 

• .. . "'v y electrically connected to said metal wiring... . :' >• 1 ' .7 ', ., ; • :.. ' 7\ '• .- 

: 7 : 7 ' "■ 7,"' wherein saidmetalwirmg formed in said' first insulating film-has aa. 7-';. 
;. , upper surface lower than an upper surface of said first insulating film to form a! ' ; r . 

. . . , • ■'' ,-.-;.! ; space above said upper surface of said-metal wiring and a film.having.^xhstopyy 7 
- : : ..- ;• 25 '/.^.function in formed in only said space, wherein, when said film having; ^tcjv>top ( ;y7 
• 7 •/■ ;':• function-is an electrically non-conductive film, said contact' plug passes through : 

; .said- film having etch stop function and. is electrically, connected .to • saia .motal/.y.-- 
. . " / wiring and. >vhem said : ,film having etch stop function is an electrically 

' V ; ' conductive, film, said' contact plug is- electrically connected to said metal wiring ; 
*7 30 ... through said film having etch.stop- function and wherein a hydrogen diffusing . 

• V •": ■'; passage extending downwardly of said second insulating ..film- is provided ;■ ";;• 

through otherarea than an areh or, which sard metal wiring js formed •*; ■:■'.>: [•',-. 
: " ' "4': A semiconductor device co.;nprising ■ • . ' : ; *■ * • 

; ./..•.■,.,..■ • ■-, a second insulating film, farmed :n a first ms.u!atmg film bui\ine':r nvotal ' 
•'. "]- : 5 ' :•' ;u tnng: and ; - ' • '•' '■ <. ' ' '/'• '.'. ■ r • . - t ', • '.. "• •• 

' ■ .', • at least one con :ac: bhi : ; \. shroi:gh said second: insula ti no fiii:T;nnd ,. ; 

: ' 7:\-. '[ iy^yy^leci v-.ica'l i> 5 ,co.n nec te^i- to'snid; :;v—--'l y-t-'-^i- • ■ r • > ..- , i ' , ; ;V.-. 

. ; ' ■' /wh-M-yin-wV fit:r. : ';h ■i::?^7V.ovX:V/n:-is funned (yitwe.en ^:t,! r i : _ v /: r.^!Vr-. 



insulating film and said metal wiring, wherein, when said film having etch stop", 
function is an electrically non-conductive film. said. contact plug passes through; 
{ ' said film having etch scop function and is electrically connected to said metal 
• . • \- . wiring and, when said film having etch stop function is an • electrically- 
, 5 conductive film, said contact plug is electrically connected to said metal wiring 

• . ' through'said film having- etch stop function and. wherein said film, having etch 

; ■•; scop function is -removed except a portion, thereof formed in. the' '■vicinity, of 

connecting portions between said contact plug and said. metal wiring to provide 
;< ; / a hydrogen diffusing passage extending downwardly of said second - insulating 

;r -i6 ^;-fiim/ : . . *..•. j " ;'/;••.. >\ '/•',/••••. ' ''rfi ' 

5; : : -A semiconductor device as claimed m any -of claims 1; to 4. wherein said 
' ./; film having etch stop function is a SiON film or a Si.N, Sim when said film 

V-^ • having etch stop function is an electrically non-conductive film,; and said film 

• ■ ; /.-having etch stop function is of Ta. TaN.. WN. or TiN when said film having etch 
; ' . : \ [ I? . ^ stop function is an electrically conductive film, ; • ' - '■ 
- : ; : SO. : A semiconductor device as claimed in any .of claims .1 to. 5'..; wherein said; 
.'; t : .-;/'""' - ; • metal wiring is of a material containing 'mainly copper, copper alloy, tungsten or 
• ■ . • ,. : ; aluminum:. ' •. •. " . - . . ... - : -\ . ' \" [■■■■'..- ' : ' ■ ~ 

.■'. V: ; .-• ' ., "'• ' v a semiconductor device comprising: ' v . ' ; v .-;'';. - .•"; - . 

/. .' : ..^ : =-.; 20" at least one semiconductor element.;' formed on a . semiconductor : 

. 'r ;V v - . .substrate; . . , • :. . ; • •' • ' / ■ •"' .' ' • . .; - . ' 

-„ ; : 'y l - an insulating film covering. said semiconductor element; and' 

":,'•• ;• ' t;; ' •."'; - v ' at least a contact plug passing through', said insulating film and. 
v' ; ••• ' electrically connected to at least one electrode of said semiconductor element-:---, 
; - v '25" • "a. . wherein .a silicide film is formed on a surface of said .electrode and a Si-.'S' . 

• V •' - film having thickness in' a range from 50A' to 100A is formed betvyeen , said 
- * • ■ ':,:"■[ ■> silicide film' and said insulating film and wherein said contact' plug' passes 

;V'; .. .'•■:••..' , through said Si.N-, film and is electrically connected to said silicide, film; . 
■ : ; 4 ■ ."" • , S. A semiconductor device as claimed -in claim 7/ wherein said electrode is a 
.. , ; 30 • - polysilicon gate electrode, a source electrode or a drain electrode. 
, ; • * : '/ '• : 9: • A semiconductor device as claimed in claim S, wherein said si-licicte fitm is ■ 

. '\ ".i ; • formed of cobalt silicide, titanium silicide or tungsten silicide. ■ . a ; 

- ' f; . .10:' A semiconductor device as. claimed in'.any. of claims 1 to 9a.wheroin,;said 

. u :' ; ;; \- : \ contact plug is for.med;on incV ., 
" ; . - : ; 3;5 . . 11; A fabrication , method for fabricating a semiconductor device inc.f;;.diiig ;a. 
• • ; ' " fust insulating film covering- at least one seiniconductor elemeiu or a ■^ \ww^" 
forinecl on a semiconductor substrate, at least one. contact plug passi.iv-.thr )i;u T h 
said •first ; insulating film ; . and . eiectncallv connected., to said serine .■vr-.-yi '". 
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element or' said wirmg. ^ second insulating film formed on -said fist insulating 
.film and metal wiring buried m said second "insulating tiiiTi ar.'j ^ctrica.'iy 
. ".; connected 'to- said contact plug, said fabrication 1 method comprising the steps of: 
■-a ) forming a', film-:' having, hydrogen ^barrier function on-'.-said , 'first 
5 . insulating film: \. ■'• ' r.A^ : - . '/ .. , 

ijb.). patterning said film having hydrogen barrier function to form. at ieast. 
»,/•' : one via -hole tor forming at, leas:. one -co.. a tact hole and an opening. functioning as 
a hydrogen diffusing ■ passage :;:n said film having hydrogen barrier function, 
while leaving a port ion '.-of said film - Haying ;h>'drogen^ barrier function, sa_ld 
10 :'. portion functioning as an etch stop film in forming said metal .. wirmg;-;v- ■ '■■ . 
• - , - (c) forming a .second ins;ulating- : film -on said patterned film/having 
.': / hydrogen barrier function on said first insulating film: ■ , : . : > : : '-] ■ V •;• vf;- 

- .(d) forming, on. said second ..insulating, film, a resist pattern for forming 
' : - .. ' wiring grooves for said metal wiring: - s - : \\ '•- V ; 

15- .le) simultaneously forming .said wiring grooves and* said contact: hole by 

V:. . simultaneously etching said first and second insulating films with using 'said 
. ... resist pattern as a mask, said film. haying hydrogen barrier function as an etch 
. stop film 'for said wiring -.grooves, ^ncl .said viayhote.as.'a mask' opening of said . 
. contact hole, and '*'• '■ . : f. . • • • • 

20 ■' v . /: (p forming., said contact plug by filling said wiring, grooves.^ and said- 
■ contact hole with a metal. material afeer-saicl i-esist nlm is removed, y ■; . 

. - : ; 12. A fabrication- method for fabricating a semiconductor as claimed; in claim," 
• wherein said. film having hydrogen-barrier function-is a'SiON .film or a 5i ; N ; 

W film. : \\'. " y :: " "' . - .''• V; ;; : 

25 '•• 13. A fabncaticn method; for .fabricating a 'semipnductor' device including a 
., '. second" insulating film formed on a- first insulating. film burying a metal u -ring 
and at least one contact plug passing through said second; insulatrng^im and". 
V'.-v- electrically connected, to said m'eta I .wiring, said fabncauo/? method comprising-; 
•• • the 'steps of: * •'. - .. ' • - ' ' ' ' . ,: ,y : - .. •■--;:■; - 

30. • (a) selectively .etching, said metal wiring buried, m .said' frst insulating 

■"'■J - film .to remove an "up per portion of said metal, wiring in -said- firs 1 insulating tilmr 
/ to provide a space .on !a selectively e:ched portion of said m : etal\v;i;irig-::; v y . r. 

v.- • (by forming a film -having -.etch stop. .'function in pnl\y ; sa id space on said 

. metal, wiring: 

3o ' v -'A: icj" fotming a : second insulating film., or. said film- having etch scop- 

;;.r function on saidfirst insulating. nhiv ^niui\,. . ' ' ""■ ;-; : C ~ 

" ■ - Yd) to r mVn.g . s a \ d • cp ; \ t ac t '' p It \ >z : su.Q:h'.rh.;ir .sate! coiitact plug r-Hro-uu-lv% 

'>(Ud ^3CQP.d m-'il ui "» q f ■ n nvJ . -ai I iiliv )\ 1 z ere h CO).; « > ; ,. n i • ' 1 : 1- 
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• electrically connected to- said metal .wiring.- when said film having etch stop 
function :s an electrically ino-vccnduccive fi-m. or forming -said ccntac; clue 
such char said; contact plug passes. through said second, insulating film and is 

.electrically connected "to' l said metal 'wiring through said film having e:ch stop 
: function.' w- hen said film having etch. stop function is. an electrically conductive 
• film. . '• : - • - ; ■ ' • ' • '•- ■ • V - ; ' ' - -;■ ,. 

i 4.' A' fabrication method for fabricating a 'semiconductor device, as claimed' in" 
; claim 13. wherein the step feb) includes the step of leaving said. film, haying etch' 
-■stop, function in said space by. using. CM? method, after saki.'film having etch 
. .stop function is formed on a whole surface of said first insulating film Including 

said space on said metal' wiring. 
. .-15; A fabrication method for fabricating a semiconductor device including a 
',- second- insulating- film/formed on a first insulating film burying a metal, wiring- 

and at; least one contact plug passing through, said .second insulating film and 

electrically connected to said metal wiring.. said fabrication method comprising 
' .the steps of: ..; ■ : ■ * '■ . . • • '■; ;' ' . . -. ~ 

-•v ; .:• (a) forming a .film haying etch stop function on said -first insulating film.. 
. and said metal wiring buriedm said first insulating film; - 
;\ • V (b\ etching said film haying etch : stop function to. leave a portion' thereof 
" functioning as'an etch stop film in forming said-contact plug m a later seep/ •■ 

))" .'(c) forming- a 'second insulating film on . said,' film having etch stop . 
" function and said first insulating aim;. and * ■ 

v. *(d) forming said contact plug such that said contact piug.pasSe:^ -thr6u"gh : - 
: ;Said /second. -insulating film and said filim having etch slop/function .and-is 
■ ' electrically connected to said .metal, wiring, when said etch Stop -film, is an' 

.electrically non-cond.uctive. .film, or forming, said contact plug such - chat.. said. 

contact' plug passes through said second insulating film, and -is electr.ica.Uy 

connected to said metal .wiring -through said film having etch scop function.;. 

■when said film having etch stop function is an electrically conductive fiiiri. 

16/ ... A "fabrication method for fabricating a semiconductor de'vice.Cas-claimec! m. 

any of; claims 13 to 15, ' wherein said film having etch stop function a:i 

electrically no n -conductive' film including' a SiON" film or a SL'iSr, 5! m- or : au : 

electrically conductive film formed of Ta. TaN. WN' or TiN .;••-..-." ' 



